Introduction
The metallic materials are expected as biomedical materials because they have excellent mechanical properties such as the toughness. However, the Young's modulus of human bone is from 10GPa to 30GPa that is much lower than the metallic material.The large difference of the Young's modulus between the human bone and the metallic material may cause the damage along boundary because of elastic strain during loading.And the large difference may cause the bone resorption.Therefore, the mechanical properties like Young's modulus are desired to be close to the properties of human bone as implant materials.Furthermore, they should be designed by the elements with non-toxicity for the human body from now on.
The Young's modulus of the meta-stable β Ti-Nb alloy that was quenched from β field shows minimum and maximum depending on the amount of Nb [1] . This trend is common in the meta-stable β Ti alloys with other β-stabilized element.The athermal ω phase may be cause for the maximum.Recently, active research of meta-stable beta titanium alloy based on Ti-Nb system is being conducted, because both Ti and Nb is non-cytotoxicityand the alloys shows very low Young's modulus by addition of the element that suppresses the ω phase [2] [3] [4] [5] [6] .
Cr is a beta-eutectoid element to stabilize β phase of Ti.And the Cr forms the homogeneous solid solution with β Ti.Therefore, the Cr is expected to decrease the Young's modulus of β Ti, such as Nb of β-isomorphous element in the Ti-Nb alloy.The Ti-Cr alloys have been investigated as a dental material because the alloy shows excellent corrosion resistance in human body [7, 8] . In addition, Cr is cheaper than Nb that is rare and expensive element.
Sn, and Zris known as the element that suppresses ω phase during quenching from β field [9] . Therefore, the meta-stable β phase of the Ti-Cr-Sn-Zr alloy has possibility to show low Young's modulus.In this experiment, we aim to investigate the mechanical properties, especially Young's modulus, for the Ti-Cr-Sn-Zr alloy in relation with the composition and the microstructure.
Experimental Procedure
Ti-Cr-Sn ternary alloys containing Cr from 2mass% to 20mass% and Sn from 0mass% to 9mass% were prepared.And then, we investigated the Ti-Cr-Sn-Zr alloys, which contain Zr from 5mass% to 40mass%. Fig. 1 shows the B o − M d map by which Morinaga explains the phase stability of the Ti alloys [10, 11] . The experimental Ti-Cr-Sn-Zr alloys, which B o and M d values are plotted in Fig. 1 , exist along the martensite mode in β phase field.Many Ti alloys with low Young's modulus were found at around Ti-8Cr-6Sn-30Zr.
The Ti-Cr-Sn-Zr alloys with required compositions were prepared by the arc melting.Button ingots were melted in copper hearth under an argon atmosphere.The arc-melted and sliced buttons with a thickness of about 8mm were hot rolled to about 1.6mm thick plate at 1073K.
The tensile specimens were prepared from the arc-melted and rolled plates. They were sealed in a quartz tube under a vacuum of 2 x 10 -3 Pa.They were homogenized for 3.6ks at 1225K to obtain the β solid solution and quenched into ice water by breaking the quartz tube immediately after quenching.The microstructures were identified by optical microscope and a transmission electron microscope.
The mechanical properties were evaluated by a tensile test. The dimension of the tensile specimen is 2.5mm width and 1.5mm thickness. The gage length is 10mm.The mechanical test was conducted using the autograph of Shimadzu Co. (AG-IS10kN).The crosshead speed was constant, which became an initial strain rate of 1 x 10 -4 s -1 when the plastic deformation behavior was evaluated.The Young's modulus was evaluated by a strain gauge pasted on the tensile test piece.Load was increased gradually and strain under the constant applied load was measured and the Young's modulus was calculated.All Young's modulus was measured at room temperature.The Ti-Cr-Sn-Zr alloys in this experiment are called according to the balanced compositions like Ti-20Cr hereafter.The composition is indicated by the mass percent unless the unit is specially written. 
Results and Discussion
Fig . 2 compares the Young's modulus of the Ti-Cr binary alloys and the Ti-Cr-Sn ternary alloys.The Young's modulus of the Ti-Cr binary alloys shows same trend with meta-stable β Ti alloycontaining beta-isomorphous elements of Nb or V [1, 2, 12] . Young's modulus shows the maximum and the minimum depending on the amount of Cr.The maximum of Young's modulus was found around at 8mass% of Cr.
The addition of Sn to the Ti-5Cr and Ti-8Cr binary alloy has the effect to decrease the Young's modulus very much.However, the addition of Sn has little effect to the Ti-Cr binary alloys containing Cr of 11mass% and over or of 2mass% and under. The minimum of Young's modulus to the amount of Cr can be seen at 5mass% Cr. The Young's modulus of Ti-5Cr-9Sn alloy is under 50GPa.
We have reported the effect of Zr on the mechanical properties of the Ti-8Cr binary alloy and the Ti-8Cr-3Sn ternary alloy [9] . The effect of Zrfrom 5mass% to 40mass% in the Ti-8Cr and the Ti-8Cr-3Sn alloy was investigated.The Young's modulus of the Ti-8Cr-Zr and the Ti-8Cr-3Sn-Zr alloy decreases with increasing the amount of Zr and shows the minimum of 60GPa around 20mass% and 30mass%Zr.
We examined the effect of Zr on the mechanical properties of the Ti-8Cr-6Sn and the Ti-5Cr-6Sn ternary alloy in this experiment as shown in Fig. 3 . The Young's modulus of Ti-8Cr-6Sn and the Ti-5Cr-6Sn ternary alloy shows the tendency to increase with increasing the amount of Zr. This upward trend with Zr is reverse tendency to the downward trend of the Young's modulus of Ti-8Cr-Zr and the Ti-8Cr-3Sn-Zr alloy [9] . The Young's modulus of the Ti-5Cr-6Sn-5Zr and the Ti-5Cr-6Sn-10Zr alloy dispersed very much. All Ti-8Cr-6Sn-Zr alloys in Figure 3 show the equiaxed grain structure of meta-stable β phasebefore the tensile test. The deformation structure of Ti-8Cr-6Sn ternary alloy after the tensile test shows the mechanical twinning, though the Ti-8Cr-6Sn-Zr alloys deformed only by slip. On the other hand, the microstructure of the Ti-5Cr-6Sn-Zr alloys before the tensile test changes depending on the amount of Zr. The Ti-5Cr-6Sn-Zr alloys with Zrof 20mass% and over show the equiaxed grain structure of meta-stable β phase before the tensile test, though the Ti-5Cr-6Sn ternary alloy shows the martensitic structure before tensile test. The composition of Ti-5Cr-6Sn-5Zr and Ti-5Cr-6Sn-10Zr seems to be the border where the martensitic transformation temperature becomes below freezing point. The deformation structure of the Ti-5Cr-6Sn-Zr alloys containing Zrof 20mass% and under shows martensitic or mechanical twinned structure. The large dispersion of the Young's modulus of the Ti-5Cr-6Sn-5Zr and the Ti-5Cr-6Sn-10Zr alloy may be caused by the bordered composition. Fig.4 shows the engineering stress -engineering strain curves of the Ti-5Cr-6Sn-Zr and the Ti-8Cr-6Sn-Zr alloys.The Ti-8Cr-6Sn ternary alloy that was deformed by the mechanical twinning in the tensile test showsa deformation hardening and alarge elongation. The Ti-8Cr-6Sn-Zr alloy that was deformed by slip system in the tensile test shows high yield strength and a deformation softening.
Even in the Ti-5Cr-6Sn system alloys, the Ti-5Cr-6Sn-30Zr and theTi-5Cr-6Sn-40Zr alloy that was deformed by slip system in the tensile test shows high yield strength and the deformation softening as shown in Fig. 4 .Moreover, the Ti-5Cr-6Sn-20Zr alloy that was deformed by the mechanical twinning in the tensile test showsa deformation hardening and alarge elongation.The Ti-5Cr-6Sn-Zr alloy containing Zrof 10mass% and under, at which compositions the martensitic transformation temperature may become below freezing point, shows extremely high deformation hardening. The high deformation hardening which looks two-step yielding may be caused by a deformation-induced transformation.
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